Epidemiological studies in man suggest that exposure to asbestos is associated with the development of mesotheliomata of the pleura (Wagner, Sleggs, and Marchand, 1960; Wagner, 1965; Gilson, 1966) and bronchial carcinomata (Doll, 1955) . This association is supported by experimental studies in animals. Mesotheliomata have been induced by the subcutaneous injection of asbestos into the flanks of mice (Roe, Carter, Walters, and Harington, 1967) and following the intrapleural injection of asbestos into rats (Wagner, 1962; Wagner and Berry, 1969) , hamsters (Smith, Miller, Elsasser, and Hubert, 1965) , and fowls (Peacock and Peacock, 1965) . Since the risk of developing mesothelioma of the pleura in man appears to be related to past exposure to asbestos dust, any alternative to the use of asbestos should be advocated.
Vermiculite is the geological name given to a group of hydrated laminar minerals which are aluminiumiron-magnesium silicates. Crude vermiculite consists of thin flat flakes containing microscopic droplets of water. On being subjected suddenly to high temperatures (7000 to 1 000°C) the flakes exfoliate to many times their original volume due to the formation of steam which forces the laminae apart. Exfoliated vermiculite takes the form of accordionlike granules containing numerous minute air spaces to which it owes its light weight, low thermal capacity, and high insulation value.
The industrial uses of vermiculite include thermal insulation, anti-condensation control, sound absorption, and fire protection. Vermiculite is used in the manufacture of asbestos-free boards and panels to comply with regulations which ban the on-site sawing of asbestos panels.
The potential of vermiculite as an alternative to asbestos necessitated testing for tumorigenic activity. This experiment was designed to see if mesotheliomata could be induced in rats by injecting vermiculite into the pleural cavity. , 
Materials and methods

Results
Throughout the course of the study, growth rates showed no disturbance as a result of treatment with vermiculite or chysotile asbestos (Fig. 1) . Table 2 gives details of survival for all groups. Rats injected with vermiculite had a survival rate equivalent or slightly superior to that of the saline controls, whereas the higher mortality rate among chrysotile asbestos treated rats was a direct result of treatment (see below).
Macroscopic findings at necropsy are given in Tables 3 and 4 , where all lesions have been recorded. Histopathology Lung lesions characteristic of chronic respiratory dlsease of the laboratory rat were seen in rats from all groups. There was no significant difference between groups in their incidence or severity.
Chronic pleurisy was seen in a proportion of rats from all groups, but pleural adhesions and abscesses were confined to the rats injected with vermiculite or chrysotile asbestos. These changes were histologically characteristic of accidental infection of the pleura during the injection procedure: their greater severity in the rats given vermiculite or chrysotile asbestos is due to the exacerbating effect of the presence of free foreign material at the same time as an infection.
In the group of rats injected with chrysotile asbestos, 48 % (i.e., 21 out of 40 decedents and 2 out of 8 killed at 104 weeks) bore tumours classified microscopically as mesotheliomata (Table 5) .
Representatives of the three types of mesothelioma described by Wagner and Berry (1969) , consisting of tubopapillary (Fig. 2) , spindle-celled, and mixed, were seen although the majority of tumours were of the mixed pattern.
Since there was only a small mortality before the occurrence of the first mesothelioma, in an asbestostreated rat dying 399 days after injection, it is impossible to report the sequence of events in the pathogenesls of the tumours. There was evidence of phagocytosis of the asbestos by macrophages in the pleura of some early decedents, but few granulomata were seen in the asbestos group, and most of the animals exhibited either tumours or thickened fibrous pleura on death or at termination. Only in one case were granulomata seen in rats killed at week 104.
Examination of the first mortality in the group treated with vermiculite, 371 days after the injection, revealed numerous pigment-laden macrophages in the pleural membrane. By week 80, granulomata were seen in all rats (Figs. 3 and 4) but none displayed evidence of neoplastic reaction.
Only one intrathoracic tumour was found among Evaluation of the tumorigenic potential of vermiculite by intrapleural injection in rats 1 71 Evalhation of the tumorigenic potential of vermiculite by intrapleural injection in rats 173 Discussion Wagner and Berry (1969) , in a study of the induction of mesothelioma in SPF and conventional rats, obtained a 63-5% yield of mesothelioma equally distributed between the sexes in 96 SPF rats, following the intrapleural injection of 20 mg Canadian chrysotile asbestos. The first tumour was recorded in a rat dying 361 days after the injection. This incidence was higher than that which they obtained with crocidolite asbestos, and since earlier experimental work (Wagner, 1962) and epidemiological studies of mortality by district of residence (Oettle, 1964) both showed that exposure to crocidolite carries with it a far greater risk of developing malignant disease, Wagner and Berry investigated the possibility that their sample of chrysotile asbestos was contaminated. However, they failed to discover any difference from other chrysotile samples (Wagner and Berry, 1969) .
The results reported here show a 48 % incidence of mesothelioma, with the first tumour found in a rat dying 399 days after the intrapleural injection of 25 mg of Rhodesian chrysotile asbestos. The lower incidence of mesothelioma and the slightly longer assumed latent period in our experiment may reflect an inherent difference between the Canadian and Rhodesian chrysotile asbestos. Further work is required to resolve this problem.
The carcinogenic properties of asbestos may be due to:
1. the chemical composition of the asbestos; 2. the chemical composition of organic materials associated with the asbestos, either naturally or following manufacturing processes; 3. the physical properties of the fibres, or a combination of these factors (Harington and Roe, 1964) . Asbestos injected into the pleural cavity undergoes a cyclic process of phagocytosis by macrophages which die and rupture, releasing the particles for re-phagocytosis. This process is accompanied by fibrosis. Eventually re-phagocytosis of the particles ceases, and they lie free within fibrous tissue (Davis, 1970; Allison, 1971) .
Vermiculite shares many of its chemical components with various types of asbestos, but we have no knowledge of any natural or contaminating organic oils. The particles injected, unlike the fibrous particles of asbestos, were amorphous.
It is considered possible that the lack of carcinogenic potential of vermiculite is directly related to the ability of the animals to restrict the material within stable granulomata.
Although the concept of intrapleural injection is unrealistic when compared to the human situation, these findings demonstrate that the usage of vermiculite is unlikely to be associated with the degree of hazard imposed by asbestos.
